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1 EP 04511 

Description 

Field of the Invention 

This invention pertains to a method of detecting s 
the vibrations of a micro beam and to a resonant beam 
transducer - claims 1, 4. 

Background of the Invention 

10 

Many available transducers, especially micromi- 
niaturized transducers, use piezoresistive deforma- 
tion sensing. Piezoresistive sensing is very effective 
because it is nearly insensistive to lay-out dependent 
parasitics, which is not the case with capacitive sens- 1 5 
ing, and because resistive sensing provides linear 
output signals which can be temperature compensat- 
ed. The primary problems for piezoresistive sensing 
are in data extraction. The change in resistance over 
the deformation span of a pressure transducer is typ- 20 
icaliy 1% or so, which means that precision DC-am- 
plifiers are required, and major problems can occur 
due to device imperfections which would not be as 
troublesome if the output signals were larger. 

Mechanically resonant structures have been util- 25 
ized as force transducers. In such transducers, the 
applied force causes a change in the resonant fre- 
quency of the resonating structure, e.g., a resonating 
wire or beam. Resonating transducers have been 
demonstrated which have a change of frequency of 30 
more than 100% caused by forces which are much 
smaller than those which will cause a 1% change in 
the resistance of a piezoresistive sensor. The trans- 
duction sensitivity for resonating transducers is 
therefore much higher than for piezoresistive trans- 35 
ducers. Because resonant transducers use data ex- 
traction circuitry which measures frequency or time, 
the amplitude of the signal from the transducer is not 
crucial. In addition, because frequency or time is be- 
ing measured, the output of the transducer is easily 40 
converted to a digital output signal, which is well 
adapted for use by digital processing systems. 

Although mechanically resonant transducers are 
typically very expensive, their expense is balanced 
against the advantages mentioned above, as well as 45 
their extreme accuracy and insensitivity to tempera- 
ture. However, because such resonating structures 
are highly sensitive to forces, even small temperature 
changes can affect performance in packaging struc- 
tures for the resonator which are formed from ther- so 
mally mismatched materials. A well designed resonat- 
ing transducer will avoid such thermal mismatch by 
utilizing a single material for the resonator and the 
mechanical structure with which it is incorporated. 
The cost of such transducers can be minimized if they 55 
can be made by bulk manufacturing techniques. 

An all silicon resonating bean transducer has re- 
cently been developed by Yokogawa Electric Corpor- 
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ation. See K. ikeda. et al. , "Silicon Pressure Sensor 
with Resonant Strain Gauges Built Into Diaphragm," 
Technical Digest of the 7th Sensor Symposium, Shi- 
gaku Kaikan, Tokyo, Japan, 30-31 May 1988, pp. 58- 
58, and K. Ikeda, etal. , Three-Dimensional Microma- 
chining of Silicon Resonant Strain Gauge," id., pp. 
193-196. A related device is shown in U. K. Published 
Patent Application GB 2,1 80,691 A, Application No. 
8620782, published 1 April 1987, entitled 'Vibratory 
Transducer and Method of Making the Same". The 
Yokogawa device is manufactured by using selective 
epitaxy and preferential chemical etches. The device 
is made from silicon with several different doping lev- 
els. The resonator is an H-type flexure resonator with 
four clamped supports at the end points of the H. Be- 
cause the manufacturing process uses a P++ etch 
stop (heavily boron doped silicon which does not etch 
in, for example, hydrazine) the conductivity of the H 
resonator is very large. The high conductivity of the 
resonator makes an H structure preferable to a sim- 
ple beam, and may reduce the available choices for 
sensing and electronic excitation. The foregoing pa- 
pers report excitation of the resonator utilizing a mag- 
netic bias field supplied by a permanent magnet along 
the plane of the wafer, with current forced through one 
of the beams of the H. This results in a vertical force. 
The second beam of the H is slaved to the motion of 
the driven beam of the H via the interior or joining 
beam of the H. An output voltage, which is magneti- 
cally induced, is sensed on the second beam. This 
output signal is amplified and fed back to the driven 
micro beam to maintain the oscillation at resonance. 
The fundamental mode resonant frequency for the 
device is on the order of magnitude of 50 kilohertz (50 
KHz) or less. The strain field in the micro beam ma- 
terial ordinarily will be highly tensile in such struc- 
tures and any process variations may cause such de- 
vices to exhibit variations in resonant frequency. The 
heavy doped silicon ordinarily exhibits a large amount 
of mechanical slip, which can affect the strength and 
long term stability of the resonator. 

The second structure disclosed by K Ikeda et ai. 
on Pages 1 93-1 96 referred to above thus can be con- 
sidered to comprise a resonant micro beam transduc- 
er comprising a substrate, a micro beam mounted on 
the substrate at at least one of its ends and spaced 
from the substrate between its ends to allow free vi- 
bration of the micro beam, an encapsulating shell sur- 
rounding the micro beam and aff wed to the substrate 
to define, with the substrate, a cavity which surrounds 
the micro beam and which is sealed off from the at- 
mosphere and is substantially evacuated, means for 
exciting mechanical vibration of the micro beam and 
means for detecting the vibration of the micro beam. 

The present invention is characterised in that in 
that the encapsulating shell is a silicon shell which is 
capable of allowing light to pass therethrough and in 
that the means for detecting vibration of the micro 
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beam comprise means for projecting light through the 
shell onto the micro beam and means for receiving the 
projected light which is reflected from the micro beam 
and for converting the received light into an electrical 
signal corresponding to the received light which is in- 
dicative of the vibration of the micro beam. 

By arranging for the detection of the vibration for 
the micro beam to be effected by light passing 
through the encapsulating shell, according to the in- 
vention, problems associated with the K Ikeda et al 
structure are largely removed. 

The space within the shell surrounding the reso- 
nating micro beam is substantially evacuated to max- 
imize the mechanical Q obtainable from the resonant 
structure. Because the structure can be formed of 
substantially compatible or identical materials - single 
crystal silicon and polysilicon - temperature depend- 
ent mismatches in the materials of the structure are 
essentially avoided. The micro beam itself can be ex- 
cited in various ways, such as by capacitive excitation 
utilizing a conductive electrode formed on a portion 
of the micro beam and a corresponding spaced sec- 
ondary electrode acting as the other plate of the ca- 
pacitor, with measurement of the micro beam motion 
preferably accomplished using a piezoresistive de- 
vice formed on the micro beam. The resonating micro 
beam may be formed in any manner, for example, as 
a cantilever beam, a simple straight beam clamped at 
both ends, or an H-type beam in which two straight 
resonating beam members are joined by a bridge 
member. Other beam structures such as rods and 
hollow tubes may also be used. 

Resonating beam transducers of the present in- 
vention are preferably formed utilizing semiconductor 
processing techniques which are consistent with the 
formation of microelectronic structures on the sub- 
strate. A preferred method for the formation of the 
transducers involves the formation of a sacrificial lay- 
er on the substrate, the formation of a polysilicon 
beam onto the sacrificial layer in a manner which, 
when combined with proper subsequent annealing 
steps, produces a beam that is in a desired state of 
strain, - preferably zero strain or low tensile strain - 
-, the surrounding of the beam with a further sacrifi- 
cial layer, the formation of a polysilicon shell sur- 
rounding the outer sacrificial layer and the beam with- 
in, and subsequent etching and sealing steps. 

The outer polysilicon shell is preferably formed 
over peripheral sacrificial layer structures which, 
when etched, will define etch channels through which 
the etchant can reach the sacrificial layers within the 
outer shell. The etching step removes all of the sac- 
rificial layer material around the beam to leave the 
beam free. Removal of the liquid etchant or a subse- 
quent wash solution within the cavity surrounding the 
beam may be accomplished by first freezing the liquid 
and then sublimating the frozen liquid to prevent the 
beam from being drawn into contact with any adjacent 



surface. By avoiding such contact, problems of con- 
tact adhesion commonly encountered in forming mi- 
croelectronic beam structures can be avoided. The 
internal surfaces of the cavity and the external sur- 
5 faces of the beam are then passivated so than any 
subsequent contact between these structures will not 
result in bonding, and the etched channels are sealed 
utilizing a reactive sealing step which further results 
in reaction of the atmosphere (e.g., an oxygen atmos- 
10 phere) within the cavity to reduce the pressure, i.e., 
to produce a "vacuum" within the cavity surrounding 
the beam. Such processing yields a free polysilicon 
beam which is substantially free of dopants, thus al- 
lowing the built-in strain on the beam to be controlled 
is (or reduced to zero) by annealing steps. The lack of 
dopants in the bulk of the beam also allows devices 
to be readily formed on the beam surface in desired 
patterns. 

The completed device can be utilized to measure 
20 strain directly in the substrate, and the substrate it- 
self can be adhered to a larger structure to allow 
measurements of the strain in the larger structure. 
Similarly, the substrate itself may form a cantilever 
beam, such that the resonating beam transducer will 
25 measure deflections of the substrate beam. The sub- 
strate beam may itself form a diaphragm of a pres- 
sure sensor, with the resonating beam transducer 
measuring the strain in the substrate diaphragm and 
therefore the relative deflection caused by the pres- 
30 sure differential across the diaphragm. 

The resonating beam transducers of the present 
invention are particularly suited for construction in 
very small sizes, compatible with microcircuitry: for 
example, transducers may be formed with resonating 
35 beams having lengths in the range of a few hundred 
microns, widths in the tens of microns, and thickness- 
es of a few microns. Such resonating beams, when 
encapsulated in a vaccum cavity, display fundamen- 
tal mode resonances in the hundreds of kilohertz 
40 (kHz) range with very high Q. 

Further objects, features, and advantages of the 
invention will be apparent from the following detailed 
description when taken in conjunction with the ac- 
companying drawings. 

45 

Brief Description of the Drawings 
In the drawings: 

Fig. 1 is a perspective cross-sectional view of the 
so resonating beam force transducer of the invention, 
with portions thereof broken away for clarity of illus- 
tration. 

Fig. 2 is a plan view of the resonating beam trans- 
ducer of Fig. 1 formed on a substrate. 
55 Figs. 3-14 are cross-sectional views through a 

substrate illustrating the sequential processing steps 
in the formation of a resonating beam transducer of 
the present invention. 
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Figs. 15-21 are cross-sectional views through a 
substrate illustrating the sequential processing steps 
in the formation of another version of a resonating 
beam force transducer in accordance with the present 
invention. 

Fig. 22 is a plan view of a resonating beam force 
transducer formed utilizing the processing steps illu- 
strated in Figs. 15-21. 

Fig. 23 is a schematic block diagram of a self- 
sustained oscillator circuit incorporating the resonat- 
ing beam of the invention. 

Fig. 24 is a perspective partial cross-sectional 
view of a resonating beam transducer similar to that 
of Fig. 1 but formed with a cantilever beam. 

Fig. 25 is a cross-sectional and schematic view of 
a resonating beam transducer which utilizes optical 
detection of the vibration of the beam. 

Description of the Preferred Embodiments 

With reference to the drawings, a plan view of a 
resonating beam force transducer formed on a silicon 
substrate is shown generally at 30 in a cross- 
sectional perspective view in Fig. 1 , with the parts be- 
ing shown in somewhat simplified form for conve- 
nience of illustration. The force transducer 30 in- 
cludes a substrate 31 which may be formed of single 
crystal silicon, in which a well or bottom cavity 32 is 
formed. Extending over the cavity 31 is a resonating 
beam 34 which may be formed of polysilicon in the 
manner described below. The beam 34 extends 
across the well 32 and is firmly mounted and secured 
to the substrate at its ends 35 and 36. The attachment 
of the beam 34 at its ends to the substrate 31 allows 
strains in the substrate in the direction of the length 
of the beam to be applied as forces to the beam which, 
as discussed further below, result in a change in the 
resonant frequency of the beam. However, the beam 
may also be attached at only one end, as shown in 
Fig. 24, to provide a cantilever resonating beam 
which can be used, for example, as an accelerometer. 
An encapsulating shell 40 of polysilicon is formed 
over the resonating beam 34 and spaced away there- 
from to define, with the well 32 of the substrate, a cav- 
ity which completely surrounds the beam 34. The 
polysilicon shell layer 40 extends to peripheral edges 
41 which rest upon and seal against the surface of the 
underlying polysilicon layer, which also defines the 
resonating beam 34, and thereby seals off the interior 
of the cavity from the surrounding atmosphere. 

As explained further below, the cavity is prefer- 
ably evacuated to minimize atmospheric damping of 
the vibrations of the beam 34. The surface of one of 
the ends of the beam 34 has a dopant (e.g., boron) im- 
planted therein in a pattern 43 to define a conductive 
electrode on the surface of the beam and form one 
plate of a capacitor. The other plate of the capacitor 
may be formed by the substrate material 31 at the bot- 



tom of the cavity 32 if the substrate 31 has a dopant 
diffused therein to render it conductive. Alternatively, 
the polysilicon shell layer 40 above the resistor 43 
may have a dopant diffused therein to render it con- 

5 ductive to form the other plate of the capacitor, or a 
metal (e.g., aluminum) pad 42 as shown in Fig. 1 may 
be deposited on the shell to form the other conductive 
plate. A second conductor 44 is formed on the other 
end of the resonating beam by implanting a dopant, 

10 such as boron, into the surface of the beam and is 
used for generating a signal indicative of the vibra- 
tions of the beam. The resistor 44 will change resis- 
tance with strain in the beam, in accordance with the 
piezoresistive effect allowing the vibration of the 

15 beam 34 to be monitored in a simple manner. The 
conductive plate 43 may also be formed at other lo- 
cations on the beam, such as the center of the beam, 
which may be selected to give the optimum excitation 
of the beam. 

20 As best shown in the top plan view of Fig. 2, the 
dopant pattern forming the resistors 43 and 44 ex- 
tends to pad areas 45 and 46, respectively, at posi- 
tions off the beam 34. The pads areas 45 and 46 may 
have larger electrical conductive pads formed by de- 

25 posit of a metal over them, such as the metal pads 47 
and 48 illustrated in Fig. 2 which cover and are in elec- 
trical contact with pads 45. The metal pads 47 and 48 
can serve as electrical connection points to which 
lead wires can be connected. The resonant beam 

30 force transducer is shown in Fig. 2 with the covering 
polysilicon shell 40 removed to illustrate the resonant 
beam structure. Also illustrated in Fig. 2 are the etch- 
ant channels 50 by which the etchant reaches the 
sacrificial material surrounding the beam 34 to etch 

35 away the sacrificial layers and free the beam, as ex- 
plained further below. These etchant channels are fil- 
led and sealed to seal the cavity, as also described 
further below. 

The substrate 31 may be part of a silicon dia- 

40 phragm in a pressure sensor, with the resonating 
beam force transducer 30 being utilized to measure 
strain in the substrate diaphragm, and thus the pres- 
sure causing deflection of the diaphragm. The sub- 
strate 31 may also be utilized as a strain transducer 

45 by gluing or otherwise tightly affixing it to a larger 
structure which is undergoing strain. The strain of the 
underlying structure is transmitted to the substrate 
31 and thence to the resonating beam 34 to thereby 
affect the resonant frequency of the beam. 

so The transducer structure 30 may be made quite 
small, and is formed in a way which is compatible with 
microelectronic circuit processing techniques. For ex- 
ample, the beam 34 may have a length in the range 
of a few hundred microns, e.g., 200 microns, with the 

55 width being in the range of a few tens of microns and 
thickness of the beam 34 in the range of a few mi- 
crons, e.g., 1-2 microns. 

The formation of the polysilicon films defining 
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the beam 34 is particularly critical, since the beam 
should have good mechanical integrity, stability, uni- 
formity, strength, and freedom from defects. In addi- 
tion, the beam should be in a controlled state of strain, 
preferably zero strain or a low level of tensile strain 
(e.g., less than about 0.4%). It is also preferable that 
the bulk of the beam be substantially undoped so as 
not to interfere with formation of devices on the beam 
and not to introduce the high strain fields normally en- 
countered with heavy doping. Such polysilicon films 
can be achieved by carefully controlled deposit of 
polysilicon formed from silane gas in the low pressure 
chemical vapor deposition (LPCVD) process followed 
by proper annealing. A preferred process for such de- 
position is described in the article by H. Guckel, et al. 
"Advances in Processing Techniques for Silicon Mi- 
cromechanical Devices with Smooth Surfaces," Pro- 
ceedings IEEE Microelectromechanical Systems, 
Salt Lake City, Utah, February 20-22, 1989, pp. 71- 
75, and in United States Patent 4,897,360, issued 
January 30, 1989, entitled "Polysilicon Thin Film 
Process", the disclosures of both of which are incor- 
porated herein by reference. Such polysilicon films 
are preferably grown in an LPCVD reactor at about 
591 °C from 100% silane at 300 milliTorr(mT) reactor 
pressure. A growth rate of 68A per minute is typical. 
The as-deposited films involve two phases when a to- 
tal film thickness of 2 microns is used. The first phase, 
which is located between the substrate and the film 
interior, exhibits polycrystalline behaviorwith 300A to 
3000A grain sizes and no measureable orientation. 
This phase is followed by an amorphous region which 
starts inside the film and extends to the film surface. 
The as-deposited films on 3 inch wafers are essen- 
tially defect free if the wafer edge is excluded. The 
measured surface roughness is typically that of the 
substrate and values as low as 8A rms have been 
achieved. The strain fields as measured by the buck- 
led beam technique are compressive at 0.6%. These 
strains can be converted to predetermined tensile 
strain levels by nitrogen annealing. During these an- 
neal cycles the amorphous phase changes to the 
crystalline phase and apparently involves a volume 
contraction. A nitrogen anneal for one hour at 835°C 
produces a final tensile strain of 0.25% without any 
measurable increase in surface roughness. The 
same invariance in surface roughness is observed 
with respect to 24 hour soaks of the material in VLSI 
grade 49% HR This polysilicon material thus meets 
an important requirement for a doubly-clamped beam 
resonator during device formation, that is, it is in ten- 
sion. The alternative, a compressive film or beam, 
would severely limit device dimensions and produce 
many difficulties during vacuum envelope construc- 
tion since such structures would tend to buckle as 
they are freed from the surrounding sacrificial layer. 
The known high tensile strength of polycrystalline sil- 
icon film is an additional benefit. Even though the film 



is polycrystalline, such resonant beam structures 
have exhibited high intrinsic mechanical Q, above 
65,000, when operated in a vacuum, without detect- 
able resonant frequency shifts due to fatigue. 

5 The level of built-in strain, which can be control- 

led by controlling the annealing temperature and con- 
ditions, helps to determine (and thereby allows selec- 
tion of) the nominal resonant frequency of the beam 
with no external forces applied to the beam. A rela- 
te? tively high resonant frequency (above 100 or 200 
KHz) is generally preferred to minimize the likelihood 
that the range of frequencies over which the beam 
resonates (as force is applied to it) will excite reso- 
nances in the surrounding support structure. For ex- 

15 ample, for one polysilicon beam formed in accor- 
dance with the present invention having a 2 micron 
thickness, 45 micron width and 200 micron length, the 
resonant frequency with no force applied for zero 
built-in strain was 433 KHz and for 0.036% tensile 

20 built-in strain was 645 KHz. Such strain levels can be 
selected for the beam by carrying out the processing 
steps described in the aforesaid patent 4,897,360. 

In conventional polysilicon processing, the con- 
struction of beams from polysilicon with smooth sur- 

25 faces using thermal silicon dioxide as a sacrificial lay- 
er encounters a fundamental problem. HF etches 
leave a residue, and if two freshly etched surfaces 
contact each other, very strong adhesion results, es- 
pecially if the mating surfaces are smooth. Since a 

30 long beam is not very stiff, surface tension forces dur- 
ing drying after HF rinses easily cause beam deflec- 
tions which establish contact between the beam and 
the substrate. An obvious way of attempting to elim- 
inate the problem is chemical removal of the residue. 

35 However, attempts to do so have not given consistent 
results. An alternative approach avoids contact and 
produces a dry beam with active surfaces which can 
then be passivated in gaseous environments or by a 
corrformal coating. Such a method can be implement- 

40 ed if the source of the deflection, surface tension, can 
be eliminated. 

Thus, in the present invention, a three step proc- 
ess is preferably utilized in which all the surfaces 
within the cavity are at first fully covered by the rinse 

45 liquid after the etch. At this point there are no exposed 
device surfaces and therefore no surface tension for- 
ces. The next step is controlled freezing of the rinse 
fluid. This essentially eliminates deflection from sur- 
face tension forces but can produce other difficulties. 

50 The frozen liquid should be soft so that it does not de- 
stroy the microstructures, as the volume expansion 
from the liquid phase to the solid phase which occurs 
for water rinses is very undesirable. The freezing pro- 
cedure is followed by the sublimation of the solidified 

55 rinse liquid. This is preferably accomplished in a va- 
cuum system at temperature and pressure conditions 
which are set by the triple point of the rinse sub- 
stance. Temperature changes in the solid must be 



5 



9 



EP0 451 992 B1 



10 



avoided because they produce expansion effects 
which are not desirable. After complete sublimation, 
the temperature of the sample is raised to room tem- 
perature. The free-standing, but chemically active 
structure, is then passivated. For example, an s 
LPCVD deposition of a thin silicon nitride film gives 
satisfactory passivation, or the surfaces can be pas- 
sivated with thermal oxidation to form a silicon dioxide 
layer. This technique for removing the rinse liquid is 
further described in the Guckel, et at. article above w 
entitled "Advances in Processing Techniques for Sil- 
icon Micromechanical Devices with Smooth Surfac- 
es", which is incorporated herein by reference, and in 
U.S. Patent Application SN 07/331 ,466 by the present 
applicants, entitled "Formation of Microstructures 15 
with Removal of Liquid by Freezing and Sublimation", 
the disclosure of which is incorporated herein by ref- 
erence. 

To achieve a vacuum enclosed, polysilicon beam 
resonator requires that a suitable shell be formed 20 
around the beam to define a cavity which can be 
evacuated. The material selected for the outer shell is 
dictated in large part by the desired thermal stability 
of the finished device. Thus, for a silicon beam reso- 
nator formed on a silicon substrate, the shell should 25 
be made from silicon. Such shells may be formed by 
the reactive sealing technique described in U.S. pa- 
tents 4,744,863 and 4,853,669 by Guckel, et al., the 
disclosures of which are incorporated herein by refer- 
ence. In the reactive sealing technique, the etched 30 
channels which are used to introduce the etchant, 
e.g., HF, into the cavity interior to remove the sacrifi- 
cial material are kept relatively small. The immersion 
of a completely etched unsealed structure into an at- 
mospheric pressure oxygen ambient causes etched 35 
channel closure because one volume of silicon pro- 
duces roughly two volumes of silicon dioxide. This 
closure occurs before the cavity dimensions are sig- 
nificantly affected. The supply of oxygen to the cavity 
interior is now interrupted, and a vacuum or very low 40 
pressure results because the oxygen inside the cavity 
is consumed as it continues to react with the silicon. 
An LPCVD deposition of polysilicon or silicon nitride 
can also be used to close and seal the channels. 

A preferred process for forming the resonating 45 
beam transducer 30 is illustrated with reference to 
Figs. 3-14. The process is initiated by the formation 
of a thin silicon dioxide layer on the substrate 31 fol- 
lowed by the deposition of a thin silicon nitride layer 
over the oxide layer, which is then patterned to leave so 
an opening 53 in the double layer 54 of silicon nitride 
and silicon dioxide. For example, the silicon nitride 
layer may be 1100A in thickness and the underlying 
silicon dioxide layer may be 300A. This deposition is 
followed by the growth of a silicon dioxide layer 55 in 55 
the open area 53 to define an oxide well. As an exam- 
ple, the oxide well may be a little over 1 micron in 
thickness. The oxide well is then removed by applying 



a silicon dioxide etchant and a second planarized well 
oxide 56 is grown as shown in Fig. 5, wherein the top 
surface of the well oxide 56 is substantially at the 
same level as the surface of the layer 54. 

As illustrated in Fig. 6, the silicon nitride/silicon 
dioxide layer 54 is then patterned to remove the layer 
in peripheral areas 57 and the silicon nitride/silicon di- 
oxide layer is also patterned so that it is in the form 
of ridges which extend from the peripheral areas 57 
to the area of the well 56, in the manner further de- 
scribed in the aforementioned U.S Patents 4,744,863 
and 4,853,669. 

As shown in Fig. 7, a layer 59 of polysilicon, which 
includes the portion of the polysilicon that will form 
the beam 34, is then deposited. Resistor and capac- 
itor electrodes 44 and 43 are implanted in the beam, 
an anneal cycle selected to provide the desired strain 
level is performed, and the beam area 34 is then pat- 
terned. As shown in Fig. 8, the polysilicon layer 59 is 
then patterned and etched to leave the beam 34 
separated by an open area 60 from the remaining por- 
tions of the polysilicon layer. Openings 61 are also 
formed in the polysilicon that extend down to the thin 
nitride/oxide layer 54. The anneal cycle for the poly- 
silicon is performed before the next film is deposited 
so that the polysilicon film is stable during the next de- 
position. 

As shown in Fig. 9, a second sacrificial layer 63 
(for example, of silicon dioxide or silicon nitride) is 
then deposited and, as shown Fig. 10, the layer 63 is 
then patterned and etched. A second polysilicon cov- 
ering layer 64 is then deposited, as shown in Fig. 11, 
which includes the shell 40 which will eventually en- 
close the resonating beam. As shown in Fig. 12, the 
covering polysilicon is then patterned and etched to 
expose the sections 63 of free-standing silicon nitr- 
ide. The structure is then etched in hydrofluoric acid 
(HF) to remove the sacrificial layers and free the 
beam, resulting in the beam being surrounded by an 
open cavity 32 with wells 66 leading into channels 67 
which are in communication with the cavity 32. The 
channels 67 are etched out from the areas occupied 
by the nitride/oxide sacrif ical layer 54. The HF etch is 
followed by the f reeze-sublimation procedure descri- 
bed above to leave the beam 34 undef lected and out 
of bonding contact with the adjacent walls of either the 
shell 40 or the substrate 31 . 

As shown in Fig. 14, the structure is then passi- 
vated and partially sealed by immersion in an oxidiz- 
ing ambient to form an oxide layer 69 on the interior 
of the cavity 32 and an oxide layer 68 (e.g., 120A 
thick) on the outside and in the channels 67 to par- 
tially close these channels. Following the oxidation, 
the entire structure and the layer 68 has LPCVD sil- 
icon nitride deposited thereon, e.g., to depth of 
2100A, which completes the sealing of the channels 
leading to the cavity. Once the channels 67 are 
sealed, the residual gases within the cavity 32 contin- 
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ue to react inside the cavity, both on the surfaces of 
the beam 34 and on the interior surfaces of the poly- 
silicon shell 40 and the crystalline substrate 31, until 
the residual gases within the cavity are substantially 
consumed. Any gas for the LPCVD deposit of silicon 
nitride which remains in the cavity will also continue 
to react until it is consumed. This leaves essentially 
a vacuum in the cavity, although a certain percentage 
of inert gas can be mixed in with the oxidizing ambient 
to control the pressure within the cavity 32 to a de- 
sired level if desired. Because of the very small di- 
mensions of the interior of the cavity 32, the actual 
pressure inside the cavity is difficult to measure 
quantitatively. The effective equivalent pressure in- 
side the cavity when evacuated by reactive sealing as 
described above can be estimated by comparing the 
measured Q of a beam inside the cavity with the 
measured Q of an equivalent open beam inside a va- 
cuum chamber as the vacuum chamber is pumped 
down. The pressure inside the cavity is estimated at 
1 0-° mmHg in this way. However, it may be noted that 
the typical dimensions inside the cavity are on the or- 
der of the mean free path of an oxygen molecule, so 
that classical gas laws are not necessarily applicable. 

The foregoing steps are followed by patterning 
and cutting of the silicon nitride layer 68 to provide 
contacts with the diffused conductive electrodes 43 
and 44, and metal is then deposited on the surface in 
contact with these electrodes and patterned as 
shown in Fig. 2. 

An alternative process for producing a resonant 
beam transducer of the present invention is illustrat- 
ed in the views of Figs. 15-21 . With reference to Fig. 
15, a substrate 80, such as single crystal silicon, has 
an oxide post sacrificial layer 81 formed thereon, util- 
izing the usual masking and oxidation procedures. As 
shown in Fig. 16, an oxide layer 82 is then formed over 
the surface of the substrate in the areas outside the 
post 81. Subsequent depositions, shown in Fig. 17, in- 
clude a first layer 84 of polysilicon, an intermediate 
silicon nitride layer 85 formed in the area over the 
post 81, and a top layer of polysilicon 86. Each poly- 
silicon layer is annealed at proper temperatures (the 
highest temperature of subsequent depositions) be- 
fore additional layers are deposited (e.g., at the 
835°C temperature of the silicon nitride deposition). 
The polysilicon layers 84 and 86 are then masked and 
etched away in the areas outside of the post 81 to 
leave an isolated beam structure 88, as shown in Fig. 
1 8. It is understood that the view of Fig. 18 is a cross 
section through the width of the beam at a position in- 
termediate its ends. The purpose of the silicon nitride 
isolation layer 85 is to electrically isolate the conduc- 
tive resistors implanted in the top surface of the outer 
layer 86 from the inner polysilicon layer 84. Conduc- 
tive electrodes for forming the capacitor plate and the 
piezoresistive sensing resistor can be formed in the 
top surface of the outer layer 86 of the beam by ion 



implantation. 

After the beam 88 has been isolated and the con- 
ductors are formed in it, an outer sacrificial layer 89 
of silicon nitride is deposited and etched to define the 

5 outer boundaries of the desired cavity, as illustrated 
in Fig. 19. Oxidized polysilicon can be used to define 
the etch mask for silicon nitride etched in boiling 
phosphoric acid. The outer orshell layer of polysilicon 
91 is then deposited over the sacrificial layer 89, as 

10 illustrated in Fig. 20, and the steps of etching out the 
sacrificial oxide and nitride layers 81, 82 and 89 is 
carried out as described above to leave the isolated 
beam 88 sealed within the cavity 92, as illustrated in 
Fig. 21. Reactive sealing of the channels (left under 

is the polysilicon shell 91 by etching away the silicon ox- 
ide layer 82) is carried out by the reactive sealing 
technique discussed above. 

A top view of a transducer formed in accordance 
with the steps described above is shown in somewhat 

20 simplified form in Fig. 22. The resonating beam 88 is 
shown in dashed lines in Fig. 22, as it is covered by 
the polysilicon shell 91. On one end of the beam 88 
a piezoresistor electrode 95 is formed by ion implan- 
tation as described above, with the implantation ex- 

25 tending outwardly beyond the beam to contact areas 
96 which are overlayed with metal pads 97 to provide 
attachment points for external wires. The position of 
the resistor 95 is shown in dashed lines in Fig. 21 as 
it is covered and hidden by the outer polysilicon shell 

30 91 . Ridges 94 are formed adjacent to the sides of the 
cavity 92 and define the channels left by etching of 
the sacrificial layer 82 by which the etchant reached 
the sacrificial layers 81 and 89 which surrounded the 
beam 88. These channels are filled with oxide and sil- 

35 icon nitride as reactive sealing of the cavity 92 takes 
place. 

A capacitive electrode 99 is formed on the other 
end of the beam 88 by ion implantation of a dopant, 
such as boron, with the doping extending outside of 
40 the beam area in a conductive layer 100 which ex- 
tends to a contact pad 101. A metaiized contact pad 

1 02 is deposited over and is in electrical contact with 
the doped layer 100 at the area 101. As the conduc- 
tive electrode 99 formed in the beam is hidden by the 

45 polysilicon shell 91 in Fig. 22, it is shown in dashed 
lines. A conductive layer 103 is formed by ion implan- 
tation on the top of the polysilicon shell 91 above the 
position of the electrode 99 on the beam 88 to provide 
the other plate of the capacitor which is used to drive 

so oscillations in the beam 88. A conducting path 104 is 
formed by ion implantation of a dopant from the plate 

103 to a contact area 105, over which is deposited a 
metal pad 106 to which connections to external circui- 
try can be made. By applying an oscillating voltage 

55 between the pads 1 02 and 1 06 at or near the resonant 
frequency of the beam, the beam can be driven into 
resonant oscillation. By applying a voltage to the out- 
put pads 97, the current flowing through the piezore- 
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sis tor 95 can be measured by external circuitry (not 
shown) and this current will vary as a function of the 
oscillations in the beam due to the piezoresistive 
change in the resistance of the electrode 95 as the 
beam is strained during vibrational deflections. 5 

The resonant beam transducer as shown in Fig. 
22 may have similar dimensions to the transducer of 
Fig. 2, and will demonstrate similar resonant behavior 
and shifts of resonance with applied strain. 

An exemplary feed back circuit for exciting and 10 
measuring vibrations in the beam transducers is 
shown in Fig. 23. An electrical signal applied to the ca- 
pacitive drive element 110 of Fig. 23 (i.e., the plate 42 
or the plate 103) drives mechanical oscillations in the 
beam 112 which are detected and converted to an 
electrical signal by the piezoresistive element 114. 
This electrical signal is amplified by an amplifier 115 
and fed back to the drive element 110 to sustain self 
oscillation, which is measured by a frequency counter 
116. 

Although a preferred transducer is formed on a 
single crystal silicon substrate, the transducer may 
also be formed substantially as described above on 
other substrates, such as quartz or sapphire. 

The transducer of the present invention may be 
built utilizing other beam structures, such as an M 
beam structure in which two doubly-clamped beams 
are connected by a lateral cross member. For such a 
structure, the exertional electrode may be formed 
on one of the beams and the piezoresistive electrode 
used for measuring oscillations may be formed on the 
other beam. The beam may also be formed as a hol- 
low tube which is open at its ends to the ambient at- 
mosphere. Such a structure may be formed to allow 
reactions to occur on its surfaces which affect the res- 
onant frequency of the beam, thereby detecting the 
presence of a selected gas. 

The transducer structure of Fig. 24 is essentially 
similar to the structure of Fig. 1 except that its beam 
120 is free at one end to form a cantilever beam. The 
cantilever beam 120 may be excited by using an elec- 
trode 121 formed by doping the polysilicon of the 
beam in a pattern which extends out from the beam 
on the same side as the piezoresistive electrode 44. 
The structure may be formed using the same proc- 
essing procedures described above for the doubly- 
clamped beam. The cantilever beam transducer can 
be used for various purposes, for example, as an os- 
cillator tuning fork element or as an accelerometer. 

The means by which excitation and detection of 
beam vibration is accomplished may take various 
forms. For example, a PN junction may be formed on 
the polysilicon beam which may be sensitive to strain 
in the beam. The junction may be formed to be pho- 
tosensitive, allowing the vibration in the beam to be 
excited by directing light having an oscillating inten- 
sity at the junction. Silicon is transparent to deep red 
or infrared light, and such light may be projected 



through the polysilicon shell at the beam. The light 
may be directed to the shell from a remote source 
through a fiberoptic cable. The vibrations of the beam 
may also be detected by projecting light from an input 
cable onto the beam and receiving light reflected from 
the surface of the beam (with a relective coating 
thereon, if desired) by an output cable, thereby allow- 
ing non-electrical sensing of beam vibrations. 

Fig. 25 shows the transducer of the present in- 
vention arranged for isolated optical excitation of the 
beam and direct optical detection of beam vibrations. 
The basic transducer structure is, for example, sub- 
stantially the same as the transducer 30 of Fig. 1 . The 
electrical signal to drive the capacitive excitation of 
the beam can be provided using a photovoltaic vol- 
tage in response to light from a light source modulat- 
ed at the resonant frequency. As shown in Fig. 25, a 
function generator 130 (e.g., Hewlitt Packard FG 
5010) is connected to drive an LED 131 at the reso- 
nant frequency of the beam 34. An external photo- 
diode 1 33 receives the light from the LED and is elec- 
trically connected to the plate electrode 42 and to the 
pad 47 which connects to the electrode formed on the 
beam. Alternatively, a photodiode may be fabricated 
on the silicon substrate next to the resonating beam 
structure. 

As shown in Fig. 25, the excitation light may be 
provided from a laser 136 yielding a monochromatic 
light output (e.g., Spectra Physics 155 Helium/Neon 
laser, 0.95 mW, 6328.5 Awavelength), which is direct- 
ed to the shell 40 of the transducer by an optical fiber 
cable 138. The light from the optical fiber cable 138 
is projected through the shell 40 to the beam 34 and 
is reflected therefrom back through the shell where it 
is received by another fiber optic cable 140 and di- 
rected to a remote position. At the remote position, the 
light is detected by a photodetector 141 connected to 
an operational amplifier 142 which delivers an elec- 
trical output on a line 144 which is indicative of the vi- 
brations of the beam. 

In the transducers of the present invention, the 
gaps between the beam and the surrounding struc- 
ture (the shell and substrate) are very small, for ex- 
ample, in the range of 2 microns or less and preferably 
1 micron (10,000 A). This distance is comparable to 
the wavelength of commonly used lasers (e.g., 6330 
A for helium/neon), resulting in interference patterns 
as the beam vibrates which can be detected to deter- 
mine the vibrations of the beam. 

The arrangement of Fig. 25 thus provides a res- 
onating force transducer with optically isolated exci- 
tation and sensing, which also eliminates the need for 
metal interconnections. This structure is thus well 
suited for high temperature (e.g., above 180°c) appli- 
cations. Optical isolation also eliminates feed through 
from the excitation to the sense circuitry, allowing the 
detection circuitry to be simpler. 
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Claims 

1. A method of detecting the vibrations of a micro 
beam encapsulated within an evacuated cham- 
ber formed in part by a shell, characterised by the 
steps of 

a) forming the shell of a material which will 
pass light of selective wave lengths; 

b) directing light through the encapsulating 
shell onto the vibrating micro beam from a 
position outside the shell; 

c) reflecting the light from the micro beam 
back through the encapsulating shell; and 

d) detecting the light reflected from the micro 
beam and passed through the shell and pro- 
viding an electrical signal corresponding 
thereto which is indicative of the vibrations of 
the micro beam. 

2. A method according to claim 1, characterised in 
that the light directed to the encapsulating shell 
is monochromatic light. 

3. A method according to claim 2, characterised in 
that the light directed to the encapsulating shell 
is deep red or infra-red light. 

4. A resonant beam transducer comprising a sub- 
strate (31), a micro beam (34) mounted on the 
substrate (31) at at least one of its ends (35,36) 
and spaced from the substrate between its ends 
to allow free vibration of the micro beam, an en- 
capsulating shell (40) surrounding the micro 
beam and affixed to the substrate to define, with 
the substrate, a cavity which surrounds the micro 
beam (34) and which is sealed off from the at- 
mosphere and is substantially evacuated, means 
(42,43,31,99,103,110,115,121,130,131,133) for 
exciting mechanical vibration of the micro beam 
and means (136-141) for detecting the vibration 
of the micro beam, characterised in that the en- 
capsulating shell (40) is a silicon shell which is ca- 
pable of allowing light to pass therethrough and 
in that the means for detecting vibration of the mi- 
cro beam (34) comprise means (136,138) for pro- 
jecting light through the shell onto the micro beam 
(34) and means (140,141) for receiving the pro- 
jected light which is reflected from the micro 
beam and for converting the received light into an 
electrical signal corresponding to the received 
light which is indicative of the vibration of the mi- 
cro beam. 

5. A transducer according to claim 4, characterised 
in that the means for projecting light includes a 
light source (1 36) and an optical fibre (1 38) to di- 
rect light from the light source to the shell (40). 



6. A transducer according to claim 4 or 5, character- 
ised in that the means for receiving the light re- 
flected from the micro beam includes an optical 
fibre (140) to direct light reflected from the micro 

5 beam to a remove position and a photo-detector 

(141) for detecting the light at the remote position. 

7. A transducer according to claim 4, 5 or 6, charac- 
terised in that the means for exciting mechanical 

10 vibration in the micro beam includes a conducting 
electrode (43,99,121) formed on the micro beam 
(34) to which voltage can be provided and an- 
other closely spaced plate electrode (42,103) 
such that there is capacitive coupling between 

15 the two electrodes. 

8. A transducer according to any one of claims 4 to 

7, characterised in that the micro beam (34) is 
formed of polysilicon and the conductive elec- 

20 trade (43,99,121) for exciting the micro beam 
(34) is formed by implantation of a dopant in the 
surface of the polysilicon micro beam (34) in a 
pattern, and further including a conductive plate 
(42,103) formed on the shell (40) above the cor- 

25 responding (42,103) excitation electrode 
(43,99,121) on the micro beam (34) so that exci- 
tation of the micro beam can be obtained by pro- 
viding an alternating current between the plate 
(42,103) on the shell (40) and the underlying 

30 electrode (43,99, 1 21 ) on the micro beam (34). 

9. A transducer according to any one of claims 4 to 

8, characterised in thatthe interior surfaces of the 
shell (40) and substrate (31) defining the cavity 

35 and the outer surface of the micro beam (34) 
have a layer of silicon dioxide formed thereon. 

1 0. A transducer according to any one of claims 4 to 

9, characterised in that the micro beam (34) has 
40 a length of about 200 microns and a thickness of 

about 2 microns. 

11. A transducer according to any one of claims 4 to 

10, characterised in that the micro beam (34) is 
45 mounted at both of its ends (35,36) to the sub- 
strate (31) to suspend the micro beam above the 
substrate (31). 

12. A transducer according to any one of claims 4 to 
so 11, characterised in that the means for projecting 

light includes a laser (136) providing a substan- 
tially monochromatic light output. 



55 Patentanspruche 

1. Verfahren zum Erkennen der Schwingungen ei- 
nes in einer teifweise durch eine Hulle gebildeten 
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evakulerten Kammer eingeschlossenen Mikro- 
balkens, gekennzeichnet durch die Schritte des: 

a) Bildens der Hulle aus einem Material, das 
Licht ausgew§hlter Wellenlflngen durchlSftt; 

b) Leitens von Licht durch die einschlieftende 
Hulle auf den schwingenden Mikrobalken von 
einer Position aufterhalb der Hulle; 

c) Reflektierens des Lichtes von dem Mikro- 
balken zuruck durch die einschlieftende Hulle; 
und 

d) Bestimmens des von dem Mikrobalken re- 
f lektierten und durch die Hulle gelangten Lich- 
tes und Zurverfugungstellens eines diesem 
entsprechenden elektrischen Signals, das als 
Anzeige fur die VI brat ion en des Mi krobalkens 
dient 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daft das auf die einschlieftende Hulle 
gelertete Licht monochromatisch ist. 

3. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, daft das auf die einschlieftende Hulle 
geleitete Licht tief rotes Oder inf rarotes Licht ist. 

4. Resonanzbalkenubertrager, umfassend ein Sub- 
strat (31), einen an wenigstens einem seiner En- 
den (35, 36) auf dem Substrat (31) befestigten 
Mikrobalken (34), der zwischen seinen Enden 
von dem Substrat beabstandet ist, urn eine f reie 
Schwingung des Mikrobalkens zuzulassen, eine 
einschlieftende, den Mikrobalken umgebende 
und an dem Substrat befestigte Hulle (40), urn mit 
dem Substrat einen Hohlraum zu def inieren, der 
den Mikrobalken (34) umgibt und gegenuber der 
Atmosphere abgedichtet und im wesentlichen 
evakuiert ist, Mittel (42, 43, 31, 99, 103, 110, 115, 
121. 130, 131, 133) zum Erregen mechanischer 
Schwingung des Mikrobalkens und Mittel (136- 
141) zum Erkennen der Schwingung des Mikro- 
balkens, dadurch gekennzeichnet, dag die ein- 
schlieftende Hulle (40) eine Siliziumhulle ist, die 
in der Lage ist, Licht durchzulassen, und dad die 
Mittel zum Erkennen einer Schwingung des Mi- 
krobalkens (34) Mittel (136, 138) zum Projizieren 
von Licht durch die Hulle auf den Mikrobalken 
(34) und Mittel (140, 141) zum Empfangen des 
projizierten Lichtes, das von dem Mikrobalken re- 
f lektiert wird, und zum Umwandeln des empfan- 
genen Lichtes in ein elektrisches, dem empfan- 
genen Licht, das als Anzeige fur die Schwingung 
des Mikrobalkens dient, entsprechendes Signal 
umfassen. 

5. Obertrager nach Anspruch 4, dadurch gekenn- 
zeichnet, daft das Mittel zum Projizieren von Licht 
eine Lichtquelle (136) und eine optische Faser 
(138) zum Leiten von Licht von der Lichtquelle auf 



die Hulle (40) umfaftt. 

6. Obertrager nach Anspruch 4 oder 5, dadurch ge- 
kennzeichnet, daft das Mittel zum Empfangen 

5 des von dem Mikrobalken ref lektierten Lichtes ei- 

ne optische Faser (140) zum Leiten von durch 
den Mikrobalken reflektiertem Licht zu einer ent- 
fernten Position und einen Photodetektor (141) 
zum Erkennen des Lichtes an der entfernten Po- 

10 sition umfaftt. 

7. Obertrager nach Anspruch 4, 5 Oder 6, dadurch 
gekennzeichnet, daft das Mittel zum Erregen me- 
chanischer Schwingung in dem Mikrobalken eine 

15 auf dem Mikrobalken (34) ausgebildete, leitende 
Elektrode (43, 99, 121), an die Spannung ange- 
legt werden kann, und eine andere, eng 
beabstandete Plattenelektrode (42, 103) umfa&t, 
so daft zwischen den beiden Elektroden eine ka- 

20 pazitive Kopplung besteht. 

8. Obertrager nach einem der Anspruche 4 bis 7, 
dadurch gekennzeichnet, daft der Mikrobalken 
(34) aus Polysilizium besteht und die leitende 

25 Elektrode (43, 99, 121) zum Erregen des Mikro- 
balkens (34) durch Einsetzen eines Dotanden in 
die Oberflache des Polysilizium- Mikrobalkens 
(34) in einem Muster gebildet wird und daft der 
Obertrager welter eine auf der Hulle (40) ober- 

30 halb der entsprechenden Erregungselektrode 
(43, 99, 121) ausgebildete leitende Platte (42, 
103) auf dem Mikrobalken (34) umfaftt, so daft ei- 
ne Erregung des Mikrobalkens durch Anlegen ei- 
nes Wechselstromes zwischen der Platte (42, 

35 103) auf der Hulle (40) und der darunterliegen- 
den Elektrode (43, 99, 121) auf dem Mikrobalken 
(34) erreicht werden kann. 

9. Obertrager nach einem der Anspruche 4 bis 8, 
40 dadurch gekennzeichnet, daft auf den inneren 

Oberflachen der Hulle (40) und des Substrates 
(31), die den Hohlraum def inieren, und deraufte- 
ren Oberflache des Mikrobalkens (34) eine 
Schicht Siliziumdioxid ausgebildet ist. 

45 

10. Obertrager nach einem der Anspruche 4 bis 9, 
dadurch gekennzeichnet, daft der Mikrobalken 
(34) eine Lange von ungefahr 200nm und eine 
Dicke von ungefahr 2um aufweist. 

50 

11. Obertrager nach einem der Anspruche 4 bis 10, 
dadurch gekennzeichnet, daft der Mikrobalken 
(34) an seinen beiden Enden (35, 36) an dem 
Substrat (31) befestigt ist, urn den Mikrobalken 

55 (34) oberhalb des Substrates (31) aufzuhSngen. 

12. Obertrager nach einem der Anspruche 4 bis 11, 
dadurch gekennzeichnet, daft das Mittel zum 

10 
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Projizieren von Licht einen Laser (136) umfadt, 
der im wesentlichen monochromatisches Licht 
abgibt. 



Revendications 

1 . Precede de detection des vibrations d'une micro- 
poutre encapsulee dans une chambre mise sous 
vide, formee en partie par une enveloppe, carac- 
terise par les etapes consistant : 

a) a former I'enveloppe avec une matiere qui 
laisse passer une lumiere de longueurs 
d'onde s6lectives; 

b) a diriger de la lumiere a t ravers I'enveloppe 
decapsulation sur la micropoutre vibrante 
depuis une position exterieure a I'enveloppe; 

c) a renvoyer la lumiere par reflexion depuis 
la micro-poutre a travers I'enveloppe d'en- 
capsulation; et 

d) a detecter la lumiere r6f lechie par la micro- 
poutre et traversant i'enveloppe et a fournir 
un signal electrique correspondant a cette lu- 
miere et representatif des vibrations de la mi- 
cropoutre; 

2. Procede selon la revendication 1 , caracterise en 
ce que la lumiere dirigee sur I'enveloppe ^encap- 
sulation est une lumiere mono-chromatique. 

3. Procede selon la revendication 2, caracterise en 
ce que la lumiere dirigee sur I'enveloppe decap- 
sulation est une lumiere du rouge lointain ou de 
I'infrarouge. 

4. Transducteur a micropoutre resonante compre- 
nant un substrat (31), une micropoutre (34) mon- 
tee sur le substrat (31), a au moins une de ses ex- 
tremites (35, 36), et espacee du substrat entre 
ses extremites pour permettre une vibration libre 
de la micropoutre, une enveloppe decapsula- 
tion (40) entourant la micropoutre et fixee au 
substrat pour def inir, avec le substrat, une cavite 
qui entoure la micropoutre (34) et qui est rendue 
etanche vis-a-vis de {'atmosphere et est sensi- 
blement mise sous vide, des moyens (42, 43, 31 , 
99, 103. 110, 115, 121, 130, 131, 133) pour exci- 
ter des vibrations mecaniques de la micropoutre, 
et des moyens (136-141) pour detecter les vibra- 
tions de la micropoutre, caracterise en ce que 
I'enveloppe decapsulation (40) est une enve- 
loppe en silicium qui est capable de laisser pas- 
ser la lumiere et en ce que les moyens pour de- 
tecter les vibrations de la micropoutre (34) 
comprennent des moyens (136, 138) pour proje- 
ter de la lumiere a travers I'enveloppe sur la mi- 
cropoutre (34) et des moyens (140, 141 ) pour re- 
cevoir la lumiere projetee qui est rgflechie par la 



micropoutre et pour convertir la lumiere recue en 
un signal electrique correspondant a la lumiere 
recue qui represente les vibrations de la micro- 
poutre. 

5 

5. Transducteur selon la revendication 4, caracteri- 
se en ce que les moyens pour projeter la lumiere 
comprennent une source lumineuse (136) et une 
fibre optique (138) pour diriger la lumiere depuis 

10 la source lumineuse vers I'enveloppe (40). 

6. Transducteur selon la revendication 4 ou 5, ca- 
racterise en ce que les moyens pour recevoir la 
lumiere reflechie par la micropoutre compren- 

15 nent une fibre optique (140) pour diriger la lumie- 
re r6fl6chie par la micropoutre vers un endroit 
eloigne et un photodetecteur (141) pour detecter 
la lumiere a I'endroit eloigned 

20 7. Transducteur selon la revendication 4, 5 ou 6, ca- 
racterise en ce que les moyens pour exciter des 
vibrations mecaniques dans la micropoutre 
comprennent une electrode conductrice (43, 99, 
121) formee sur la micropoutre (34) a laquelle 

25 une tension peut etre appliquee et une autre pla- 
que-electrode (42, 103) faiblement espacee de 
telle sorte qu'il existe un couplage capacitif entre 
les deux electrodes. 

30 8. Transducteur selon Tune quelconque des reven- 
dications 4 a 7, caracterise en ce que la micro- 
poutre (34) est formee de silicium polycristallin et 
I'electrode conductrice (43, 99, 121) servant a 
exciter la micropoutre (34) est formee par implan- 

35 tat ion d'un dopant dans la surface de la micro- 
poutre (34) en silicium polycristallin , suivant un 
certain dessin, et comprenant en outre une pla- 
que conductrice (42, 103) formee sur i'enveloppe 
(40) au-dessus de I'electrode d'excitation corres- 

40 pondante (43, 99, 121) se trouvant sur la micro- 
poutre (34) de maniere que I'excitatbn de la mi- 
cropoutre puisse 6tre obtenue par application 
d'un courant alternatif entre la plaque (42, 103) 
se trouvant sur I'enveloppe (40) et I'electrode 

45 sous-jacente (43, 99, 121) se trouvant sur la mi- 
cropoutre (34). 

9. Transducteur selon I'une quelconque des reven- 
dications 4 a 8, caracterise en ce qu'une couche 
so de dioxyde de silicium est formee sur les surfa- 
ces interieures de I'enveloppe (40) et du substrat 
(31 ) def inissant la cavite et sur la surface exte- 
rieure de la micropoutre (34). 

55 10. Transducteur selon I'une quelconque des reven- 
dications 4 a 9, caracterise en ce que la micro- 
poutre (34) a une longueur d'environ 200 micro- 
metres et une 6paisseur d'environ 2 microme- 
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tres. 

11. Transducteur selon Tune queiconque des reven- 
dications 4 a 10, caracterise en ce que la micro- 
poutre (34) est montee a ses deux extremites 5 
(35, 36) sur le substrat (31) de maniere qu'elle 

sort suspendue au-dessus du substrat (31). 

12. Transducteur selon Tune queiconque des reven- 
dications 4 a 11, caracterise en ce que les 10 
moyens pour projeterde la lumiere comprennent 

un laser (136) fournissant une lumiere de sortie 
sensiblement monochromatique. 
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